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PREDICTORS OF ORBITAL FRACTURES IN PEDIATRIC PATIENTS 
DANIEL M. ELMAN 
ABSTRACT 
Objective: To determine risk factors and examination findings that are predictive of 
orbital fractures in pediatric patients, in the hope of using the findings to develop a rule 
for when to obtain a Computerized Tomography Scan (CT).  Additionally, we will 
examine the treatments underwent by patients with confirmed orbital fractures. 
 
Methods:  A retrospective cohort study was conducted on patients below the age of 22 
who were seen in the Emergency Department (ED) at Boston Children’s Hospital (BCH) 
between January 2009 and May 2013, and underwent Computerized Tomography Scan 
(CT) for evaluation of orbital fracture.  
326 cases were selected for inclusion in analysis.  Electronic medical records 
(EMR) of cases were reviewed and data was collected about mechanism of injury, 
symptoms, physical exam (PE) findings, diagnosis of orbital fracture, and treatment.  
Data collected was analyzed using SPSS Statistical Software v.21.  Frequency of 
variables was determined, and chi-square analysis was performed comparing frequencies 
for patients with orbital fractures to patients without orbital fractures. 
 
Results:  Of the 326 cases undergoing CT, 133 (40.8%) had radiographic evidence of an 
orbital fracture.  Nausea/vomiting, orbital tenderness, orbital swelling, orbital 
ecchymosis, and limitation of extraocular movement (EOM) were all identified as 
	  	   vii 
statistically significant clinical indicators of orbital fractures.  22 (16.5%) of patients with 
confirmed orbital fractures underwent surgery, with an average time to surgery of 4.5 
days. 
 
Conclusion: We found that 16.5% of cases with orbital fractures, and only 6.7% of all 
cases, underwent surgery.  We have identified 5 factors that can be used for the 
development of an evidence-based algorithm for determining when to obtain a CT to rule 
out an orbital fracture in a pediatric population.  We believe that we can use this to 
improve the evaluation of orbital fractures ED, which in turn will improve the utilization 
of ED resources, and reduce the exposure of pediatric patients to the risks associated with 
CT. 
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INTRODUCTION 
 Facial fractures are relatively uncommon in children, however a significant 
proportion of pediatric facial fractures are orbital fractures.  It has been reported that 
nearly 40% of all pediatric facial fractures involve the orbit (Chandler & Rubin, 2001;	  
McGraw BL & Cole RR, 1990). Many complications may arise due to orbital fractures, 
both aesthetic and physiological.  While these potential complications necessitate that the 
proper evaluation and management is undertaken, the evaluation of orbital fractures may 
expose patients to the risks of radiation and sedation (Chandler & Rubin, 2001; Frush, 
Donnelly, & Rosen, 2003). The need to balance these factors makes proper evaluation of 
suspected orbital fractures in the ED a topic that deserves close attention. 
  
Orbital Anatomy 
 The orbitals are bilateral 
structures that sit beneath the frontal 
bone, on either side of the nasal 
bone (Figure 1).  Seven separate 
bones comprise the orbit; the frontal 
bone, the zygomatic bone, the 
maxillary bone, the ethmoid bone, 
the lacrimal bone, the sphenoid 
bone, and the palatine bone (Figure 
2).  These bones create anteriorly 
Figure 1-Facial Anatomy. Orbitals indicated by red arrows. 
(Amended figure from Gray's Anatomy for Students 2nd Ed. 2010) 
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opening concavities in the skull which function as cavities to house and protect the 
eyeball, extra-ocular muscles, optic nerve, and related vasculature.  
 Each orbit can be divided into 4 sections: the superior orbit (roof), the inferior 
orbit (floor), the lateral orbit (lateral wall), and the medial orbit (medial wall).  The roof 
of the orbit is formed primary by the frontal bone, with a small segment of the sphenoid 
bone also contributing.  The zygomatic, palatine and maxillary bones form the floor of 
the orbit.  The lateral wall of the orbit is formed greater wing of the sphenoid bone and 
the zygomatic bone.  The medial wall of the orbit is formed by the maxillary, lacrimal, 
sphenoid and ethmoid bones. 
 
Epidemiology  
Facial fractures in the pediatric 
population account for only 
1.5%-15% of all facial 
fractures (Chapman, Fenton, 
Gao, & Strain, 2009; Gerber, 
Kiwanuka, & Dhariwal, 2013).  
Fractures of the orbit are one 
of the most common findings 
in children who have suffered 
trauma to their head and face, 
with orbital fractures 
accounting for between 20%-35% of all pediatric facial fractures (Nesiama & Sinn, 2010; 
Figure 2 - Anatomy of an Orbital. (Original figure from Gray's 
Anatomy for Students 2nd Ed. 2010) 
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Salvin, 2007).  The prevalence of	  orbital fractures is related to age, and facial fractures 
are considered to be rare among children less than 5 years of age (Koltai, Amjad, Meyer, 
& Feustel, 1995).  One study observed that only 1% of all facial fractures occurred in 
patients under 2 years of age (Oppenheimer, Monson, & Buchman, 2013).  Among 
children greater than 5 years of age, males are twice as likely to sustain at orbital fracture 
(Kambalimath et al., 2013; Oppenheimer, Monson, & Buchman, 2013; Slavin, 2007).  
This difference is generally attributed to more aggressive behavior and engagement in 
riskier activities typically exhibited by males (Haug, Van Sickels, & Jenkins, 2002;	  
Kambalimath et al., 2013; Koltai, Amjad, Meyer, & Feustel, 1995). 
 
Mechanisms of Injury 
   Orbital fractures generally occur as a result of a traumatic force being applied to 
the eye and/or orbital rim (Bansagi & Meyer, 2000; Chandler & Rubin, 2001).  The most 
common mechanisms of orbital fractures include motor vehicle collisions (MVC), falls, 
assaults, bicycle related injuries, and sports related injuries (Baek & Lee, 2003; Gerber, 
Kiwanuka, & Dhariwal, 2013; Posnick, Wells, & Pron, 1993). 
 
Pathophysiology 
There are two primary theories that attempt to describe the mechanism by which a 
fracture of the orbit occurs, the hydraulic theory and the buckling (or bone conduction) 
theory (Chandler & Rubin, 2001; Wei & Durairaj, 2011).  The hydraulic theory attributes 
fractures of the orbital to an increase in intraorbital pressure.  When a force is applied 
directly to the globe of the eye, the contents of the orbital are compressed.  This causes an 
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increase in the intraocular pressure, and subsequent fracture of the orbital (Ervin-Mulvey, 
Nelson, & Freeley, 1983; Neuman, Bachur, 2013). Fractures of the orbit attributed to the 
hydraulic theory are most commonly to the floor and medial wall of the orbit, as they are 
the thinnest areas of the orbit (Chandler & Rubin, 2001). 
The buckling theory attributes fractures of the orbit to the dissipation of forces 
from an impact with the face/orbital rim.  The orbital rims are stronger and more resistant 
relative to the thinner orbital walls (Chandler & Rubin, 2001; Jackson, 2010).  As a 
consequence, the application of the force deforms the rim but does not fracture it, and the 
force is transmitted to the thinner orbital walls, which then fracture (Jackson, 2010; Phan, 
Jordan Piluek, & McCulley, 2012). 
 
Age  
  The age of an individual has been found to be a significant factor in both the 
frequency, and location, of orbital fractures (Koltai, Amjad, Meyer, & Feustel, 1995; 
Mouzakes, Koltai, Simkulet, & Castracane, 1999; Oppenheimer, Monson, & Buchman, 
2013).  The effects of age are thought to be due to the anatomical changes that take place 
in the skull, and structural changes in bones, as an individual grows older.  There is also 
believed to be an impact from the exposures an individual is subjected to, and the 
behaviors that they engage in, as they age (Kambalimath et al., 2013; Koltai, Amjad, 
Meyer, & Feustel, 1995; Salvin, 2007).   
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As a person grows there are many changes that occur to the facial bones.  One of 
the most significant changes that take place is the growth in size of the facial bones 
relative to the cranium (Figure 3).  At birth the size ratio of the cranium to the facial 
bones is 8:1, and by maturity that ratio has fallen to approximately 2:1 (Figure 3) (Koltai, 
Amjad, Meyer, & Feustel, 1995).  In addition, the facial bones of an infant are recessed in 
comparison to the cranium, making impactful trauma to them less likely (Hopper, 
Sherman, Boal, & Eggli, 1992; Koltai, Amjad, Meyer, & Feustel, 1995).  As an infant 
grows, the cranium grows significantly faster than the facial bones, with the cranium 
reaching full size by age 7, but the facial bones often not reaching full maturity until the 
late teen years (Koltai, Amjad, Meyer, & Feustel, 1995).  As a consequence of these 
factors, studies have shown that prior to the age of 7 there is a greater risk of suffering a 
fracture of the orbital roof than of the orbital floor, and that by the age of 7 these 
likelihoods have reversed (Koltai, Amjad, Meyer, & Feustel, 1995). 
Figure 3-Changes in the Growing Skull.  Maxillary sinus is indicated in green. Skull size and shape at birth (A), at 
age 5 (B), and adult (C).  (Original from Oppenheimer, Monson, & Buchman, 2013). 
(►Fig. 3) and incomplete (or absent) pneumatization of the
frontal sinus. In addition, the supraorbital rim and frontal
bone are the most prominent structures on the pediatric
craniofacial skeleton; consequently, they sustain the brunt of
initial impact. In the adult skeleton, however, the frontal
sinus, supraorbital rim, and frontal bone protect the
brain and orbital cavity from injury.3 Koltai et al reviewed a
series of orbital fractures in children aged 1 to 16 years. Based
on their data, they determined that at age 7, orbital floor
fractures become more common than orbital roof fractures.4
The orbital floor becomes more susceptible to fracture in
later childhood. Similar results were described by Fortunato
and Manstein.5 This age coincides with development of
the maxillary sinus, as stated previously. In identally,
the orbit reaches an adult size at approximately the same
age.
The lateral orbital wall is the only nonsinus boundary of
the orbital cavity. Fractures of the lateral orbital wall are rare
in children—owing to the strong zygomatic and frontal bones,
which meet at the zygomaticofrontal (ZF) suture. When
fractures of the zygomaticomaxillary complex do occur, the
lateral orbital wall is disrupted at the articulation of the
zygoma and greater wing of the sphenoid.
The contents of the orbital cavity include the globe,
extraocular muscles, lacrimal gland, periorbital fat, and neu-
rovascular bundles. The ligamentous support of the globe
includes the medial and lateral check ligaments, the orbital
septum, and Lockwood’s suspensory ligament. The elasticity
and resilience of these structures in the pediatric orbit
provides additional stability. When the developing orbit is
fractured, these ligaments may “splint” the orbital contents,
resisting ocular displacement (►Fig. 4). Accordingly, enoph-
thalmos is less commonly observed in children. The medial
canthal tendon may be disrupted in lacrimal bone fractures,
naso-orbito-ethmoid (NOE) fractures, or in centrally located
lacerations, resulting in telecanthus.
In general, the immaturity of the pediatric facial skeleton
serves to resist fracture; there are higher proportions of
cancellous bone in children, and the growing sutures retain
a cartilaginous structure. This allows pediatric facial bones to
absorb more energy during impact without resulting
in fracture. “Greenstick” and minimally displaced facial
Figure 1 Coronal sections of the pediatric and adult orbit. (A) The
thick pediatric orbital floor is contrasted with its diminutive orbital
roof. (B) The delicate nature of the adult orbital floor and medial wall is
apparent.
Figure 2 Maxillary sinus development. The progressive increase in size of the maxillary sinus (green) is seen (A) at birth, (B) at 5 years of age, and
(C) in the adult.
Craniomaxillofacial Trauma and Reconstruction Vol. 6 No. 1/2013
Pediatric Orbital Fractures Oppenheimer et al.10
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In additon to the changing craniofacial ratio, there are also changes to the 
maxillary, ethmoid and frontal sinuses that occur as a normal part of aging.  These 
changes impact the pathophysiology of orbital fractures by changing the way applied 
forces are dissepated thoughout the periorbital area (Chapman, Fenton, Gao, & Strain, 
2009; Mouzakes, Koltai, Simkulet, & Castracane, 1999).  At birth the sinuses are small, 
fluid-filled or solid structures at birth that undergo pneumatization, or “fill with air,” as a 
child matures (Oppenheimer, Monson, & Buchman, 2013).   The maxillary sinuses are 
the first to begin to develop, and are completely pneumatized around the age of 16 
(Figure 3) (Oppenheimer, Monson, & Buchman, 2013).  Prior to their maturation, the 
maxillary sinuses house the unerupted permanent teeth.  The presence of the dention in 
the maxillary sinuses has a protective effect for the orbital floor, helping to explain the 
rarity of orbital floor fractures in young children (Koltai, Amjad, Meyer, & Feustel, 1995; 
Oppenheimer, Monson, & Buchman, 2013). 
The frontal sinus is essentially non-existant at birth, and begins to pneumatize 
around the age of 7 (Oppenheimer, Monson, & Buchman, 2013).  Studies have shown 
that the lack of pneumatization contributes  to the frequency of orbital roof fractures in 
children unde the age of 7 (Koltai, Amjad, Meyer, & Feustel, 1995; Messinger, 
Radkowski, Greenwald, & Pensler, 1989; Oppenheimer, Monson, & Buchman, 2013).   
The development of the ethmoid sinuses occurs gradually throughout life, and is 
generally completed by the age of 12.  As a consequence of the expansion of the ethmoid 
sinuses, the medial wall of the orbit becomes thinner.  This thinning of the medial wall 
makes it increasingly vulnerable to fracture. (Oppenheimer, Monson, & Buchman, 2013) 
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 One final age related factor that impacts the nature of orbital fractures is the 
maturation of bone itself.  The skeletons of children are made up primarily of spongy 
(cancellous) bone, which is relatively flexible in comparison to the compact (cortical) 
bone that comprises adult skeletons (Nesiama & Sinn, 2010).  This distinction results in a 
different fracture pattern in children, with a different set of potential complications, than 
that observed in adults.  The compact bone in adult skeletons is significantly more rigid 
and brittle than the spongy bone in pediatric skeletons, owing to less cartilagenous 
structures.  This reults in more comminuted fractures, or fracures where multiple pieces 
of bone are created, as a result of trauma.  In children, the greater flexibilty of bone is 
protective against fractures, partictularly comminuted fractures, however there is a 
greater frequency of “greenstick” or trapdoor fractures (Chandler & Rubin, 2001).  In 
these types of fractures the bone remains attached at one point, and often displaces 
momentarily due to the trauma, and then snaps back into place (Cohen & Garrett, 2003; 
Grant, Patrinely, Weiss, Kierney, & Gruss, 2002). As a consequence tissue can often 
become entrapped within the fracture fragments. 
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Figure 1: 13-year-old male with comminuted right orbital roof "blow-in" fracture. Initial unenhanced CT head (obtained with a 
Siemens SOMATOM® Definition AS 128-slice CT scanner, Siemens Healthcare; axial acquisition of 0.6 mm thickness over the 
area scanned with subsequent reconstruction into 5 mm contiguous axial scans of 5 mm thickness; 120 kV; 425 mAs; Total Dose: 
1.15 Gy) demonstrates (a) soft tissue swelling in the right infraorbital region anterior to the maxillary sinus and right zygomatic 
arch (arrow) on soft tissue window settings, (b) abnormal bone density (arrow) in the superior, posterior right orbit on brain 
window settings, and (c) retrospectively identified abnormal focus of intracranial air (arrow) in the anterior cranial fossa on brain 
window settings. 
 
3. Haug RH, Van Sickels JE, Jenkins WS. Demographics and 
treatment options for orbital roof fractures. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod. 2002 Mar;93(3):238-46. 
 
4. Salonen EM, Koivikko MP, Koskinen SK. Acute facial 
trauma in falling accidents: MDCT analysis of 500 patients. 
Emerg Radiol. 2008 Jul;15(4):241-7. 
 
5. Imahara SD, Hopper RA, Wang J, Rivara FP, Klein MB. 
Patterns and outcomes of pediatric facial fractures in the 
United States: a survey of the National Trauma Data Bank. J 
Am Coll Surg. 2008 Nov;207(5):710-6. 
 
6. Lee H, Jilani M, Frohman L, Baker S. CT of orbital trauma. 
Emerg Radiol. 2004 Feb;10(4):168-72. 
 
 
 
 
 
 
 
7. Hopper RA, Salemy S, Sze RW. Diagnosis of midface 
fractures with CT: what the surgeon needs to know. 
Radiographics. 2006 May-Jun;26(3):783-93. 
 
8. New Santos DT, Oliveira JX, Vannier MW, Cavalcanti MG. 
Computed tomography imaging strategies and perspectives in 
orbital fractures. J Appl Oral Sci. 2007 Apr;15(2):135-9. 
 
9. Losee JE, Afifi A, Jiang S, et al. Pediatric orbital fractures: 
classification, management, and early follow-up. Plast 
Reconstr Surg. 2008 Sep;122(3):886-97. 
 
 
 
 
 
 
 
 
 
 
Figure 2 (left): 13-year-old male with comminuted right 
orbital roof "blow-in" fracture. Unenhanced CT orbits 
(obtained with a Siemens SOMATOM® Definition AS 128-
slice CT scanner, Siemens Healthcare, using bone algorithm; 
axial acquisition of 0.6 mm thickness over the area scanned 
with subsequent reconstruction into 2 mm contiguous axial 
scans of 2 mm thickness reformatted in the coronal plane; bone 
window settings; 120 kV; 210 mAs; Total Dose: 354 mGy) 
demonstrates inferiorly displaced right orbital roof "blow-in" 
fracture with fracture fragment (arrow) contacting the superior 
rectus muscle. 
 
 
 
FIGURES 
 
 
Fractures 
Blow-Out Fracture 
 Blow-out is the commonly used term to 
describe a fracture of the orbit in which the fracture 
is displaced in the direction away from the orbit 
(Figure 4) (Haug, Van Sickels, & Jenkins, 2002.)  
Blow-out fractures are the most commonly seen 
type of orbital fracture.  In adults, blow-out 
fractures often involve the dislocation of bone 
fragments into the maxillary or frontal sinuses.  
Additionally, the herniation of tissue, such as fat or muscle, through the site of the 
fracture is also a common finding (Figure 4) (Helveston, 1975).  
 
Blow-In Fracture 
Blow-in is the term used to describe a 
fracture of the orbit in which the fracture 
is displaced toward the middle of the 
orbit (Figure 5) (Haug, Van Sickels, & 
Jenkins, 2002; Jones & Jones, 2009). 
Blow-in fractures are rare in comparison to blow out fractures, however they present 
significant risks when they occur.  With the displacement of bone inward there is a 
reduction in the volume of the orbit.  This results in an increased risk of damage to the 
diplopia and restricted eye movement, and follow-up
for at least 1 year. Pediatric patients with incomplete
clinical and radiologic records and those who had not
completed their postoperative follow-up were ex-
cluded from the study.
Thus, 24 patients (20 boys and 4 girls) were en-
rolled in the present study. The etiology, type of
fracture as determined from the radiologic and surgi-
cal findings, interval between the trauma and surgery,
type of graft, and complications were recorded for
our retrospective analysis.
The surgical repair was performed using a subcili-
ary approach, as described by Grant et al.6 After
visualizing the fracture, the herniated orbital contents
were dissected gently and reduced into the orbit. To
prevent postoperative herniation and entrapment, the
fractured orbital floor was patched. The type of patch
used varied depending on the surgeon and availabil-
ity. Forced duction tests were performed at the end of
surgery.
High-dose steroids were started before surgical
treatment and were continued for 72 hours postop-
eratively.
The patients who underwent surgical repair were
advised to return to our service for follow-up weekly
for the first month and then monthly for 1 year.
Diplopia, ocular motility, dysesthesia, and scar out-
come according to the Vancouver Scar Scale17 were
recorded at the follow-up visits.
Patients with residual diplopia were referred to the
ophthalmology service for Hess screening, magnetic
resonance imaging, or orbital CT.
Results
At the moment of orbital injury, the average age of
the 24 patients included in the present study was 12.7
years (range 6 to 16). The specific causes of injury are
summarized in Table 1. The CT examination and in-
traoperative findings showed 2 types of fractures:
type 1a, linear fractures: the fracture line runs along
the infraorbital nerve canal to the retrobulbar area
with bone displacement less than the orbital floor
thickness (Fig 1); and type 1b, hinged fractures: a
small medial part of the orbital floor is displaced
downward greater than the orbital floor thickness
with a medial hinge (Fig 2). Figure 3 summarizes the
distribution of the types of orbital fracture related to
the patients’ age.
In all 24 patients, surgery was undertaken as soon
as possible after patient presentation (ie, within 12
hours of presentation); thus, the time between the
occurrence of the trauma and surgery was related to
the timing of the presentation.
Of the 24 patients, 12 underwent surgery within 24
hours after orbital trauma (urgent treatment), 8 pa-
tients 24 to 96 hours after (early treatment), and 4
patients more than 96 hours after orbital trauma (late
treatment).
The etiology, type of fracture as determined by the
radiologic and surgical findings, interval between the
FIGURE 1. Blowout fracture with muscle entrapment. Coronal CT
scan showing linear trapdoor fracture (type 1a, arrow) of orbital
floor.
Gerbino et al. Surgery for Orbital Trapdoor Fracture. J Oral
Maxillofac Surg 2010.
Table 1. CAUSE OF INJURY STRATIFIED BY TYPE OF
ORBITAL FLOOR FRACTURE
Cause Patients (n)
Linear
(Type 1a)
Hinged
(Type 1b)
Game 8 (33.4) 6 2
Violence 6 (25) 3 3
Sport 4 (16.6) 3 1
Fall 4 (16.6) 3 1
Motor vehicle accident 2 (8.4) 0 2
Total 24 (100) 15 9
Data in parentheses are percentages.
Gerbino et al. Surgery for Orbital Trapdoor Fracture. J Oral
Maxillofac Surg 2010.
FIGURE 2. CT scan showing medially hinged trapdoor fracture of
orbit (type 1b, arrow).
Gerbino et al. Surgery for Orbital Trapdoor Fracture. J Oral
Maxillofac Surg 2010.
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Figure 4-CT of Blow-Out Fracture of Inferior 
Orbit.  Note displacement of bone outward from 
orbit into maxillary sinus, indicated by arrow.  
(Original from Gerbino, Roccia, Bianchi, & 
Zavattero, 2010) 
Figure 5-CT of Blow-In Fracture of the Superior Orbit.  
Note the displacement of bone into the orbital, indicated by 
the arrow. (Original from Jones and Jones, 2009. 
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globe, the optic nerve, the extraocular muscles or any of the surrounding ocular adnexa, 
beyond that from the initial trauma itself (Jones & Jones, 2009).  
 
Comminuted Fracture 
Comminuted fractures are fractures that result in the creation of two or more chips 
of a bone (Phan, Jordan Piluek, & McCulley, 2012).  These types of fractures are more 
commonly seen in adults, due to the 
higher proportion of compact (cortical) 
bone, though they do occur in children 
as well (Egbert, May, Kersten, & 
Kulwin, 2000).  Cortical bone is harder, 
inflexible, and brittle in comparison to 
the spongy (cancellous) bone that 
makes up the pediatric skeleton.  As 
comminuted fractures are defined by the creation of two distinct components of bone, it 
is common to see displacement of bone fragments into the adjacent maxillary or frontal 
sinuses, or less commonly into the orbital itself.  Additionally, as the bony defect created 
in a comminuted fracture is often significant, the herniation of orbital tissue through the 
defect is frequently seen. (Figure 6) (Burnstine, 2002). 
 
Alteration of the length of the IR muscle may impact the force-length relationship and play
a role in the outcomes. Early surgical intervention for symptomatic trapdoor fractures is re-
commended.
ª 2012 Published by Elsevier Ltd on behalf of British Association of Plastic, Reconstructive and
Aesthetic Surgeons.
Introduction
While rare, pediatric orbital fractures differ from those
seen in the adult population. In children, trauma to the
periorbital region tends to result in a linear fracture of the
orbital floor, unlike the characteristic blow-out and resul-
tant bony defect seen with adult periorbital trauma
(Figure 1). The compliance of pediatric bone is such that it
may yield to pressure without fragmentation compared
with more brittle adult bone. Incomplete aeration of the
maxillary sinus, incompletely fused suture lines, thicker
periosteum and increased soft tissue padding over the
malar eminence are features of the pediatric orbital region
that may limit extensive bony structural damage after
trauma compared to adult orbital trauma.1
When excessive force is applied to the pediatric globe or
orbital rim, a linear fracture pattern develops. The frac-
tured segment of bone can displace into the underlying
maxillary sinus while still attached, as if by a hinge, to the
remaining floor. Periorbital tissues can herniate into the
sinus before the bone fragment snaps back into place
entrapping the periorbital tissues in the line of the frac-
ture. Soll and Poley first described this fracture pattern in
1965, coining the term “trapdoor fracture”.2
Symptoms associated with pediatric trapdoor fractures
may include diplopia in primary or secondary field of gaze
and pain that may be exacerbated by superior gaze
(Figure 2). Occasionally, patients may present with a severe
vagal response characterized by nausea, vomiting and
bradycardia with syncope.3 Clinical findings may include
limitation of up-gaze, minimal conjunctival response, and
positive forced duction and traction tests. Radiologic
investigation with CT scans may demonstrate a linear
fracture with incarceration of the periorbital tissue.
There are few papers in the literature in the last twelve
years concerning trapdoor fractures, all of which recom-
mend early treatment to release tissues entrapped in the
fracture line. Jordan and Pashby4 suggested that children
with restricted gaze treated early (within 2e4 days)
recovered more quickly than those who were initially
observed before surgical release of the entrapped tissue.
De Man et al5 reported that up to 36% of pediatric patients
had post-operative diplopia following treatment for orbital
floor fractures. A number of mechanisms for persistent
diplopia have been proposed including fibrosis of the
connective tissue framework,6 neural injury,7 compart-
ment syndrome,8 incarceration of tissue,9 and interruption
of critical muscle circulation.10 The purpose of this study
was to review cases of pediatric or ital floor fractures at
The Hospital for Sick Children, Toronto to further clarify
mechanisms of injury, optimal timing of surgical inter-
vention and outcomes of children with orbital floor trap-
door fractures. This study attempts to explore post-
traumatic changes in the force-length relationship that
may occur in the inferior rectus muscle in order to explain
the high degree of persistent diplopia using CT-based
morphometry.
Materials and methods
Research Ethics Board approval was obtained to review the
medical records for all patients undergoing surgical inter-
vention for pure orbital floor fractures for the years
2000e2010. Patients included in this study were referred to
the Division of Plastic and Reconstructive Surgery for the
Figure 1 Comparison between adult and pediatric orbital
floor fractures. A trapdoor fracture of the orbital floor is
demonstrated with a small linear fracture and herniation of the
periorbital contents in a 12 year-old male presenting with
limitation of up-gaze (a). Comparison is made with a blow-out
fracture demonstrating a defect of the orbital floor and
displacement of the fracture fragment into the maxillary sinus
in a 20 year-old female exhibiting no signs of entrapment (b).
870 R.M. Neinstein et al.
Figure 6- CT of Comminuted Orbital Floor Fracture.   Note 
missing section of inferior orbital, denoted by arrow.  
(Amended from Neinstein, Phillips, & Forrest, 2012) 
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Trapdoor Fracture  
The trapdoor door fracture occurs when a linear fracture through the orbital does 
not displace, creating a hinged “trapdoor” in the orbit.  Trapdoor fractures are distinct 
from comminuted fractures, as there is 
typically no dislodgement of bone 
fragments.   Rather, the trauma creates a 
fracture and a segment of bone swings 
outward and then snaps back into place 
(Criden & Ellis, 2007). This mechanism 
of orbital fracture can often result in the 
entrapment of orbital fat or muscle, as 
the tissue can herniate through the 
fracture and become entrapped when the bone returns to its original position (Burnstine, 
2002; Cohen & Garrett, 2003; Grant, Patrinely, Weiss, Kierney, & Gruss, 2002). The 
most common type of trapdoor fracture occurs in the inferior orbit, with the attached 
segment of bone being medial to the fracture site (Bansagi & Meyer, 2000).  Trapdoor 
fractures are almost always seen in young adults and children, due to the greater 
proportion of flexible, spongy bone in their skeletons (Baek & Lee, 2003; Phan, Jordan 
Piluek, & McCulley, 2012).  
  
Extraocular muscles can be displaced within the defect or
‘‘hung up’’ on the edge of fractured bone, either of which
may cause dysfunction of the muscle. Fortunately, there is
no hurry in repairing such fractures. Numerous studies have
suggested that equivalent results are achieved with urgent
(within a few days) or late (up to months following injury) re-
pair.4–6 This is in stark contrast to trapdoor fractures, which
are discussed next.
Trapdoor fractures
Orbital trapdoor fractures are most common in children
and are defined by the lack of displacement of the involved
bones. Trapdoor fractures go by a number of names. In
1998, Jordan et al. provided the first in depth look into
orbital trapdoor fractures.7 They proposed the name
‘‘white-eyed blowout’’ fractures, reflecting the fact that many
patients had little to no ecchymosis. Others have simply used
the descriptive name ‘‘linear non-displaced’’ fractures.
Trapdoor fractures result from an acute transient increase
in orbital pressure. A linear orbital wall fracture is created. A
flap of bone is then outwardly displaced, which immediately
returns to its original position. This mechanism is dependent
on ample bone elasticity, characteristic of children’s bones.
Children’s bones are composed of a higher proportion of
osteocytes than osteoblasts and thus a smaller amount of cal-
cified osseous tissue, allowing them to be more pliant and
less brittle. In contrast, the less elastic nature of adult bone
is more likely to result in comminuted fractures. Soft tissue
may or may not be ensnared within the trapdoor fracture. If
an extraocular muscle or associated connective tissue is en-
trapped, the muscle is unable to fully contract, leading to re-
duced duction in the direction of the fracture (infraduction in
most cases). Often more striking is restriction with attempted
duction opposite the fracture (supraduction in most cases).
Fig. 3 illustrates the extraocular motility of a patient with a
typical trapdoor fracture. Timely release of entrapped tissue
is vital to prevent permanent abnormal motility, presump-
tively related to tissue ischemia, scarring and contraction.
Demographics (age and gender)
Trapdoor fractures are seen almost exclusively in children
and very young adults. With age, bones become more brittle
and no longer snap back, forming comminuted fractures. In
most larger series, no adults are identified. In Jordan’s paper,
twenty patients with ‘‘white-eyed blowout’’ fractures were
described, where ages ranged from four to eighteen years
of age. No adults were identified.7 In a series of 18 patients
described by Neinstein et al. ages ranged from eight to six-
teen years of age.8 In a series of ten patients with trapdoor
fractures by Grant et al. all were children with the oldest at
sixteen years of age.9
Although much less common, trapdoor fractured can oc-
cur in adults. In one series, 57 of 58 patients with trapdoor
fractures were children.10 The age of the one adult patient
was not provided though. In 2006, Kakizaki et al. docu-
mented a patient with a trapdoor fracture who was 28 years
old.11 More recently, Parbhu et al. reported a series of pa-
tients with trapdoor fractures, with the oldest being 25 years
of age.12 In 2009, Kum et al. described a patient who devel-
oped a trapdoor fracture at 37 years of age, well beyond
young adulthood.13 One series contained a disproportionally
high percentage of adult patients with trapdoor fractures:
three of ten patients were over the age of eighteen years.14
Awareness that trapdoor fractures can occur in adults is
important. Delay in diagnosis and treatment is likely to result
in permanent abnormalities in motility.15
As with most forms of trauma, pediatric orbital fractures
are more commonly encountered in males than females. Hat-
ton et al. looked at types of orbital fractures seen in 96 pa-
tients 17 years of age and younger.16 Eighty-one percent
were male. In a series of 45 children authored by Cope
et al. 36 (80%) were boys.17 In Chi’s review of 733 patients
with orbital fractures, 549 (75%) were male. In the authors’
experience at least 75% of children presenting with orbital
fractures of all kind are male. Although not proven, this al-
most certainly reflects differences in risk taking behavior
and not an anatomic predisposition in boys.
Figure 3. Trapdoor fracture in a teenage male. Note that there is mild swelling and ecchymosis. There is marked limitation of supraduction (A), he is
orthophoric in primary gaze (B) and there is moderate limitation of infraduction (C). Marked abnormal external findings with the exception of abnormal
motility is the hallmark of pediatric trapdoor fractures. Computed tomography demonstrates a non-displaced fracture of the right orbital floor (D). Note
that the inferior rectus muscle is located inferior to the orbital floor.
Trapdoor fractures 279
Figure 7-CT of Trapdoor Fracture of Inferior Orbital with 
Entrapment of Orbital Tissue (Original from Phan, Jordan 
Piluek, & McCulley, 2012) 
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Growing Fracture 
Growing fracture is the term used to describe fractures of the skull that continue 
to enlarge following the original trauma (Rothman, Rose, Laster, Quencer, & Tenner, 
1976).  These types of fractures are rare, making up 0.6% of skull fractures based on one 
large study (Jamjoom, 1997).  These fractures arise from an injury to the skull that also 
involves the herniation of dura matter through the fracture.  There are 3 necessary factors 
for a growing skull fracture: “a bony defect, dural disruption, and a source of surface 
tension on the dura” (Losee et al., 2008).   These fractures are commonly seen in children 
less than 3 years of age, however there have been case reports of growing fractures in 
children as old as 8 (Jackson, 2010; Losee et al., 2008). 
  
Imaging 
 The present standard for the imaging of orbitals is thin slice axial and coronal CT, 
due to the detailed image of bony structures it provides (Chandler & Rubin, 2001; 
Gorospe et al., 2003; Hopper, Sherman, Boal, & Eggli, 1992; Mafee, Mafee, Malik, & 
Pierce, 2003).  In addition, CT allows visualization of soft tissue to effectively evaluate 
soft tissue displacement and injuries. (Mafee, Mafee, Malik, & Pierce, 2003).  Despite the 
clear benefits that CT offers, it is not without its drawback—there are both acute and 
long-term risks associated with its use, particularly in the pediatric population. 
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Radiation 
 Exposure to radiation has been identified as a significant risk factor for 
developing cancer, and because of this it poses a significant long-tem risk to children 
(Chandler & Rubin, 2001).   The smaller size and rapid growth of organs and tissues in 
children make them more susceptible to the harmful effects of radiation exposure.  Also, 
the longer life expectancy of children, relative to adults, puts them at greater risk of 
developing malignancy due to radiation (Frush, Donnelly, & Rosen, 2003). 
 
Sedation 
 One of the concerns that accompany the use of CT in children is the frequent need 
to sedate the patient to achieve an adequate exam (Chandler & Rubin, 2001; Ervin-
Mulvey, Nelson, & Freeley, 1983).  It is necessary for patients to remain still during a 
CT, and with children this is often near impossible.  Sedation, however, is not without its 
risks—respiratory depression, hypoxia, vomiting, aspiration, wheezing, laryngospasm 
and apnea are all known to occur during sedations.  These risks are more pronounced in 
pediatric patients due to the needed for deeper sedation to achieve necessary results, and 
the physiological differences between a child and an adult.  Studies have shown that  
adverse events, however minor, may occur as frequently as 1 in 87 sedations of children 
(Cravero et al., 2006). 	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Complications  
Muscle entrapment 
One of the primary concerns due to orbital 
fractures in children is the entrapment of a muscle 
within the fracture itself (Figure 8).  This is a 
commonly occurring consequence of the trapdoor 
fracture, which occurs due to the characteristic 
flexibility of children’s bones, as previously 
described above. The most common instance of 
muscle entrapment occurs when the inferior rectus 
muscle becomes entrapped in a trapdoor fracture of 
the orbital floor (Figure 8) (Helveston, 1975).  
Entrapment of the lateral rectus muscle within a 
fracture of the medial wall is also seen, though less frequently (Thiagarajah & Kersten, 
2009).  The entrapment of a muscle within an orbital fracture presents the possibility of 
significant problems.  The primary complication seen with entrapment of an extraocular 
muscle is the limitation of eye movement, or extraocular movement (EOM), within the 
orbital (Figure 9).  
Figure 8 -Side View CT of Entrapped 
Inferior Rectus Muscle.  Note herniation of 
muscle through floor of orbital, denoted by 
red arrow.  (Amended from Neinstein, 
Phillips, & Forrest, 2012) 
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Figure 9-Diagratic Representation of Muscle Extraocuar Muscle Entrapment in Trapdoor Fracture of Orbital.  Note the 
inability of the eye to rotate in B.  (Original from Thiagarajah & Kersten, 2009) 
 
 The limitation of EOM generally 
causes diplopia, due to the inability 
of the eyes to move in tandem 
(Figure 10).  Typically this 
diplopia is resolved by releasing 
the entrapped muscle (Wang, Ma, 
Wu, Yang, & Tsai, 2010).  
Secondary complications that can 
arise due to muscle entrapment are 
muscle fibrosis, ischemia, or nerve damage (Burnstine, 2002; Gerber, Kiwanuka, & 
Dhariwal, 2013; Lane, Penne, & Bilyk, 2007).  These problems also typically result in 
diplopia, however are considered more significant, as they are often irreversible (Cohen 
& Garrett, 2003).  
 
occur due to a relative ‘‘compartment syndrome’’ caused
by tight incarceration of the muscle within the fracture
sight.10 This may have delayed onset and progress over
time as progressive ischemia develops.17
The pattern of motility dysfunction in patients
with incarcerated medial wall fractures likely depends on
the location of the entrapment along the medial wall and
the relative laxity of muscle anterior to this point. More
anterior fractures will have an effective anterior origin of
the muscle, which will limit adduction. In addition,
greater laxity of the medial rectus anterior to the entrap-
ment will also minimize adduction due to a reduced
force vector generated by contracture. The amount of
laxity also will affect the abduction deficit. Patients with
minimal laxity anterior to the fracture will show me-
chanical restriction of abduction, and patients with
relative laxity of the medial rectus may retain normal
adduction17 (Fig. 2).
Exophthalmometry is also used to measure rela-
tive enophthalmos or exophthalmos in patients with
medial wall fra tures. Without an exophthalmometer,
this can be evaluated by allowing patients to lean their
head back and viewing relative globe position from
below (Fig. 3). Enophthalmos after orbital fracture can
be the result of fat necrosis and atrophy, entrapment of
tissues within a fracture causing retention of the globe in
a recessed position, cicatricial contracture of tissue, or
prolapse of orbital contents.6
Enophthalmos is an uncommon sign in patients
with isolated medial wall fractures but is twice as
common in patients with combined medial wall and
floor fractures.18 In the largest series of isolated medial
wall fractures, only one patient presented with enoph-
thalmos.17
Figure 2 Diagram showing (A) anterior entrapment of the taut medial rectus muscle resulting in (B) limited abduction.
(C) Entrapment with slack of the medial rectus muscle will allow abduction but less effective adduction. (D) No limitation of
abduction.
Figure 3 Patient with right-sided enophthalmos, most
easily seen with patient leaning his head back.
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The mean estimated blood loss was 10 ml (!SD 8). There were
nine surgeries performed for the repair of floor fractures, one for
medial wall fracture and one for combined floor and lateral wall
fractures. An implant was placed over the fracture site i all cases
(7 Gelfilm [Pharmacia-Upjohn, Kalamazoo, MI] and 4 Medpor)
[Porex Surgical, College Park, GA]. Gelfilm was generally used
when the fracture was narrow or the displaced segment of orbital
bone could be repositioned in nearly anatomic location after re-
lease of entrapped orbital tissues (typical of most trapdoo frac-
tures). Medpor was used for manifestly larger defects that required
structural support. Although all patients showed improvement at
the 3-month follow-up in their ocular motility, for analysis we
evaluated the quantitative amount of supraduction limitation in the
10 patients with floor fractures who underwent surg ry to compare
the benefit of surgery based on the time of intervention. T ble 6
summarizes the mean change in supraduction limitation using the
same quantitative scale (0 to "4), which we described arlier in
the study. All patients having surgery within 14 days had complete
recovery of supraduction, although the mean preoperative supra-
duction limitation and postoperative improvement was greater in
the immediate (0–2 day) surgical group. The late surgery gr up
demonstrated some persistent (mean) supraduction limitation. Table 7
lists the characteristics of the patients who underw nt surgery.
Two illustrative cases from this series are described.
Case 1
An 8-year-old boy slipped on the kitchen floor and fell sustaining
blunt trauma to his left eye. In the emergency roo the boy had
nausea and an episode of vomiting. O examination there was
normal visual acuity, diplopia in primary g ze, and "4 limitation
of both infraduction and supraduction (Fig 1) in the left eye.
Horizontal ductions were intact. The coronal CT was reported by
the radiologist to show a left orbital floor fracture. One of us
(DRM) believed that there was distortion and probable entrapment
of the inferior r ctus muscle on the CT scan (Fig 2). The patient
und r ent orbital exploration the same day. Forced duction testing
at the beginning of the surgery revealed marked restriction in
attempted manual supraduction. At surgery a hinged, trapdoor-
type fracture was discovered in the medial aspect of the orbital
floor, with soft-ti sue pulled into the fracture site (Fig 3). The
incarcerated tissue was freed and the inferiorly displaced portion
of the fracture “sprang back” into nearly normal anatomic position.
The fracture site was covered with a Gelfilm implant. Forced
ductio tests were repeat and the results were completely nor-
Table 6. Mean Changes in Supraduction Limitation Based on the Time of Intervention*
Time of Intervention (From Date of
Injury in Days) No. Patients
Mean Preop
Supraduction
Limitation
Mean Postop
Supraduction
Limitation
Mean Change
in Supraduction
Limitation
0–2 2 "3.0 0 3.0
3–14 3 "0.6 0 0.6
15 & over (range 15–40, mean 21) 5 "3.4 "1.7 1.3
* Comparison of mean supraduction limitation preoperatively and postoperatively, stratified by timing of surgery for orbital floor fractures. Limitations in
supraduction are indicated with a negative value, therefore a positive mean change means improvement in duction limitation.
Table 7. Surgical Group*
Patient
Age
(yrs)
Trapdoor
(w/entrapment)
Timing
(Days) Floor
1 14 Yes 7 Yes
2 13 Yes 15 No
3 18 Yes 15 Yes
4 5 Yes 6 Yes
5 8 Yes 0 Yes
6 7 No 17 Yes
7 18 Yes 40 Yes
8 14 No 24 Yes
9 18 Yes 1 Yes
10 16 Yes 7 Yes
11 13 No 15 Yes
* Characteristics of patients who un erwent surgery for internal orbital
fractures. Note that 10/11 patients had orbital floor fractures.
Figure 1. Case 1: 8-year-old boy who fell, sustaining left orbital trauma.
A, eyes in primary position. Note relative absence of orbital edema. B,
note marked limitation of left eye in attempted supraduction.
Ophthalmology Volume 107, Number 5, May 2000
832
Figure 10- Clinical Presentation of Restricted of Extraocular 
Mov ment due to Mu cle Entrapment. Note the inability to rotate left 
eye upward, indicated by red arrow, in picture B. (Amended from 
Neinstein, Phillips, & Forrest, 2012) 
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Diplopia 
 Diplopia, or double vision, is a common symptom associated with orbital 
fractures.  It can be a transient symptom that self-resolves with time, or it can be a 
persistent problem that is indicative of a more significant or complex injury (Grant, 
Patrinely, Weiss, Kierney, & Gruss, 2002, Lane, Penne, & Bilyk, 2007, Wei & Durairaj, 
2011).  Persistent diplopia is often indicative of extraocular muscle entrapment, damage 
to the extraocular muscles resulting in loss of function, damage to the motor nerves, and 
swelling and/or hemorrhage within the orbital (Wei & Durairaj, 2011).    
Enopthalmos  
 Enopthalmos is a displacement of 
the eye-ball posteriorly, typically caused 
by an expansion in the volume of the 
orbital (Figure 11).  This expansion of 
orbital volume can occur as a direct 
consequence of the orbital fracture, due 
to the necrosis of fat within the orbital, or because of the atrophy of other tissues with the 
orbital (Thiagarajah & Kersten, 2009).  It is primarily a cosmetic problem, though it may 
interfere with the proper functioning of the eye-lid (Wang, Ma, Wu, Yang, & Tsai, 2010).    
Occulocardiac Reflex 
 The occulocardiac reflex (OCR) is the presence of a triad of symptoms 
(bradycardia, nausea, syncope) believed to be a vagally mediated response due to the 
occur due to a relative ‘‘compartment syndrome’’ caused
by tight incarceration of the muscle within the fracture
sight.10 This may have delayed ons t and progress over
time as progressive ischemia develops.17
The pattern of motility dysfunction in patients
with incarcerated medial wall fractures likely depends on
the location of the entrapment along the medial wall and
the relative laxity of muscle anterior to this point. More
anterior fractures will have an effective anterior origin of
the muscle, which will limit adduction. In addition,
greater laxity of the medial rectus anterior to the entrap-
ment will also minimize adduction due to a reduced
force vector generated by contracture. The amount of
laxity also will affect the abduction deficit. Patients with
minimal laxity anterior to the fracture will show me-
chanical restriction of abduction, and patients with
relative laxity of the medial rectus may retain normal
adduction17 (Fig. 2).
Exophthalmometry is also used to measur rela-
tive enophthalmos or exophthalmos in patients with
medial wall fractures. Without an exophthalmometer,
this can be evaluated by allowing patients to lean their
head back and viewing relative globe position from
below (Fig. 3). Enophthalmos after orbital fracture can
be the result of fat necrosis and atrophy, entrapment of
tissues within a fracture causing retention of the globe in
a recessed position, cicatricial contracture of tissue, or
prolapse of orbital contents.6
Enophthalmos is an uncommon sign in patients
with isolated medial wall fractures but is twice as
common in patients with combined medial wall and
floor fractures.18 In the largest series of isolated medial
wall fractures, only one patient presented with enoph-
thalmos.17
Figure 2 Diagram showing (A) anterior entrapment of the taut medial rectus muscle resulting in (B) limited abduction.
(C) Entrapment with slack of the medial rectus muscle will allow abduction but less effective adduction. (D) No limitation of
abduction.
Figure 3 Patient with right-sided enophthalmos, most
easily seen with patient leaning his head back.
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Figure 11-Clinic l Presentation of Enopthalmos.  Note the 
posterior displacement of patie ts right eye in the orbit, 
indicated by red arrow, relative to the left.  (Amended from 
Thiagarajah & Kersten, 2009) 
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stimulation of the ophthalmic division of the trigeminal nerve (Bansagi & Meyer, 2000; 
Lane, Penne, & Bilyk, 2007). Reflexes that are mediated by the trigeminal-vagal pathway 
are neuroprotective by design, lowering oxygen consumption and metabolic processes by 
decreasing heart rate and blood pressure.  Generally OCR is observed in cases where 
trauma to the face has resulted in the entrapment of an extraocular muscle, most 
commonly the inferior rectus, within a trapdoor fracture of the orbital (Jackson, 2010). 
 
Treatment 
The management of pediatric orbital fractures has long been a controversial topic.  
In 1983, Ervin-Mulvey, Nelson, & Freeley reported in a paper on pediatric eye trauma 
that blow fractures of the orbital were “seldom, if ever, emergencies” and advocated for 
an observation period of 1-2 weeks.  This echoed earlier reports by Helveston that early 
intervention may result in more harm than good, and should only be considered in cases 
with  “marked displacement of the globe.”  More current studies suggest that the 
appropriate time to wait before surgical intervention ranges anywhere from 4-6 months to 
less than 2 weeks (Baek & Lee, 2003).   The reasoning behind the waiting period is to 
allow for the reduction of swelling in and around the orbital (Chandler & Rubin, 2001; 
Lane, Penne, & Bilyk, 2007). 
Questions remain, however, about when delaying treatment becomes detrimental 
to the patient (Gerbino, Roccia, Bianchi, & Zavattero, 2010).  In 2013, Gerber reported 
that complications increase with any delay to surgery.  There have been reports that 
compartment syndrome can develop due to the entrapment of the inferior rectus muscle 
(Cohen & Garrett, 2003).  In addition, there is a greater risk of ischemia and fibrosis due 
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to persistent inflammation, which supports the need for early intervention when muscle 
entrapment has been confirmed (Cohen & Garrett, 2003; Wang, Ma, Wu, Yang, & Tsai, 
2010).  Recent studies have shown that there is a more rapid resolution of symptoms, and 
better long-term outcomes with earlier surgical intervention though in one study all 
patients returned to normal ocular function within 1 month (Chandler & Rubin, 2001; 
Criden & Ellis, 2007; Egbert, May, Kersten, & Kulwin, 2000; Gerbino, Roccia, Bianchi, 
& Zavattero, 2010). At present the standard seems to be to operate immediately with 
muscle entrapment, enopthalmos of greater than 2mm displacement, or persistent OCR, 
and to delay up to two weeks in other cases (Burnstine, 2002; Wei & Durairaj, 2011). 
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Specific Aims 
 We seek to identify mechanisms of injury, symptoms, and physical exam findings 
that are predictive of orbital fractures among patients under the age of 22 who are 
suspected to have orbital fractures due to facial trauma, and have undergone CT imaging,.  
We also seek to evaluate the treatment of patients with orbital fractures.  We hope to use 
the data collected to: 
 
(1) Identify a population with a lower risk of orbital fractures   
(2) Identify risk factors predictive of orbital fractures. 
(3) Evaluate the treatment of patients with confirmed orbital fractures.  
(4) Identify examination findings that can be used to develop an evidence-based 
algorithm for determining when to obtain a CT to rule out an orbital fracture 
in children.  
  
 
 
 
	  19 
METHODS 
  
Approval for the study was obtained from the Institutional Review Board of BCH 
(Boston, MA).  A retrospective cohort study was conducted by analyzing the EMR of 
children<22 years of age undergoing a CT scan for the evaluation of orbital fracture 
between February of 2009 and August of 2012.  Specifically, the information was 
collected from the physician’s notes pertaining to the patients’ treatment for suspected 
orbital fractures. If a patient was seen more than once for the same problem only the note 
from the first visit was reviewed.   
Study data were collected and managed using REDCap electronic data capture 
tools hosted at BCH. REDCap (Research Electronic Data Capture) is a secure, web-based 
application designed to support data capture for research studies, providing 1) an intuitive 
interface for validated data entry; 2) audit trails for tracking data manipulation and export 
procedures; 3) automated export procedures for seamless data downloads to common 
statistical packages; and 4) procedures for importing data from external sources (Harris et 
al., 2009). 
 
Case Selection 
Cases were selected for review by a computer-screening program that utilized 
regular expressions to search through patients ED notes.  This technique has been shown 
to provide a more thorough search than keyword, as it allows for the inclusion of 
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misspelled, and variations of the keywords of interest (Friedl, 2006; Goyvaerts, J. 
Levithan, S., 2012).  A total of 493 cases were selected for review.  
 
Chart Review 
 The EMR’s of the selected cases were evaluated for information related to the 
mechanism of injury, symptoms, physical exam findings, diagnosis, treatment, and 
outcome.  
Mechanism of Injury 
 The categories used to evaluate mechanism of injury were determined a priori, 
and included the following; fall; punched/kicked (assaulted); MVC; bicycle; hit with ball; 
hit by car; hit with other; and other.  If other was selected, the exact mechanism was 
ascertained. 
Symptoms 
  Information pertaining to the symptoms a patient was experiencing was acquired 
from the “history of present illness” (HPI) section of the ED note from the subjects visit.  
As BCH is a teaching hospital, if patient was seen by an intern, resident, or fellow, in 
addition to an attending physician, information from any part of the attending physician’s 
note was used to supplement the HPI recorded by the intern, resident, or fellow.  If the 
notes were found to be contradictory, information from the attending physician’s note 
was used. The symptoms evaluated as predictors of orbital fractures included the 
following; loss of consciousness (LOC); headache; nausea; vomiting; double vision; 
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blurry vision; vision loss; eye pain, which was further categorized into with and without 
movement if present; paresthesia; syncope; epistaxis; and other associated injuries.  Each 
symptom was categorized as “yes” if it was reported to be present in the patient’s ED 
note, “no” if it reported to be absent in the patient’s ED note, or “not mentioned” if there 
was no mention of the symptom in the patient’s ED note. 
 
Physical Exam 
 Physical exam information was collected from the “Physical Examination” (PE) 
section of the ED note from the patient’s chart.  As with the symptoms, if the patient was 
seen by an intern, resident, or fellow, in addition to an attending physician, information 
from any part of the attending physician’s note was used to supplement the PE of the 
resident, intern or fellow.  If the notes were found to be contradictory, information from 
the attending physician’s note was used.  The PE findings looked at were; specific eye 
(left, right, or both); orbital tenderness, and if found the location(s) (superior, inferior, 
medial, lateral) and area of maximal tenderness; orbital swelling, and if found the 
location(s)  (superior, inferior, medial, lateral) of swelling and area of maximal swelling; 
orbital ecchymosis, and if found the location(s)  (superior, inferior, medial, lateral) and 
area of maximum ecchymosis; orbital abrasions/lacerations, and if found the location(s) 
(superior, inferior, medial, lateral); orbital step-off; orbital crepitus; description of pupil 
as dilated, and if so the sizes with and without light; subconjunctival hemorrhage; 
hyphema; corneal abrasion; vitreous hemorrhage; retinal detachment; diplopia; decreased 
visual acuity; visual field deficit; ruptured globe; limitation of extraocular motion; loss of 
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sensation; enopthalmos; proptosis; orbital dystopia; and heart rate.  Each PE finding was 
categorized as “yes” if it was reported to be present in the patient’s ED note, “no” if it 
reported to be absent in the patient’s ED note, or “not mentioned” if there was no 
mention of the finding in the patient’s ED note.   
 
Diagnosis 
  Information was collected from each subject pertaining to the diagnosis of an 
orbital fracture, and if present the location of the fracture(s) (superior, inferior, medial, 
lateral).  For the purposes of the study the diagnosis of an orbital fracture required 
definitive documentation by a BCH radiologist, and needed to be based on the findings of 
a CT.  If a patient was diagnosed with a fracture of the orbit at an outside hospital and 
then transferred to BCH for treatment, an official reading from a BCH radiologist, 
whether from a CT performed at the outside hospital or at BCH, was needed for inclusion 
in the study. 
 
Treatment 
 Information about the treatment of orbital fractures was gathered from the EMR’s 
as well.  Specifically, information about the prescription of antibiotics, prescription of 
steroids, and the need for surgery was collected.   Information about antibiotics and 
steroids was obtained from the ED note. As with the symptoms and PE, if the patient was 
seen by an intern, resident, or fellow, in addition to an attending physician, information 
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from any part of the attending physician’s note was used to supplement the PE of the 
resident, intern or fellow.  If the notes were found to be contradictory, information from 
the attending physician’s note was used.  Information about the need for surgery was 
collected from the notes of the surgical sub-specialist, almost always plastic surgery, who 
performed the procedure.   
 
Exclusion Criteria 
  Following chart review, the 493 cases identified by computer screening were 
reduced to 326 based on exclusion criteria determined a priori.  84 cases were excluded 
from analysis due to lack of CT imaging.  41 additional cases were removed due to a lack 
of physician concern for orbital fracture.  Another 25 cases were omitted because the 
patient was intubated prior to their arrival, or while they were in the ED.  3 cases were 
excluded because the patients were afflicted with a bone disorder: 1 suffered from 
osteogenesis imperfecta, 1 from osteoporosis, and 1 from McCune Albright Syndrome.  2 
cases were omitted because the patients were over the age of 22, 2 because of duplicate 
selection, 2 due to significant mechanism of injury, and 2 because of the presence of 
symptoms indicative of an orbital fracture prior to sustaining facial trauma.  1 patient was 
excluded because their facial CT was done as part of a visit to rule out child abuse.  
Ultimately, a total of 167 were removed for the reasons described above, leaving 326 
cases for inclusion in our analysis. 
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Data Analysis 
 Following review of the EMR’s, the collected data was imported into SPPS 
Statistical Software v. 21, for analysis.  Demographic data was analyzed, and reported 
using the median and interquartile ranges as these data are not normally distributed.  Age 
was then converted from a continuous to a categorical variable, with the categories being 
< 5 years old, 5-9.9 years old, 10-14.9 years old, and 15-21.9 years old.  
 Data collected about the mechanism of injury, symptoms, and PE findings was 
then evaluated.  For purposes of analysis, any dichotomous variable examined was not 
reported in a patient’s EMR was interpreted as a negative response.  Chi-Square analysis 
was then performed for each variable, comparing the presence of each mechanism of 
injury, symptom or PE finding in cases with orbital fractures to cases without orbital 
fractures.  
 Information about the location of orbital fractures and the frequency of surgery 
for each location or group of locations was then determined.  Statistical significance for 
all tests performed was assigned at the level of P ≤ 0.05.   
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RESULTS 
 Of the 326 cases undergoing CT, 133 (40.8%) had radiographic evidence of an 
orbital fracture. 
 
Demographics (See Table 1) 
 There were 220 (67.5%) males in the study, with 90 making up 70.7% of cases 
with orbital fractures and 130 making up 65.3% of cases without orbital fractures 
(p=0.31).  The median age (IQR), in years, of all cases in the study was 12.8 (8.0-16.0), 
with the median age of cases with orbital fractures being 12.7 (7.8-16.0), and the median 
age of subjects without orbital fractures being 13.0 (8.0-16.1) (p=0.86). There were 58 
(17.8%) cases below 5 years of age, with 22 making up 16.5% of cases with orbital 
fractures and 36 making up 18.7% of subjects without orbital fractures. 52 (16.0%) of 
cases were between the ages of 5 and 9.9 years of age, with 20 making up 15% of cases 
with orbital fractures, and 32 making up 16.6% of cases without orbital fractures.  There 
were 106 (32.5%) cases between the ages of 10.0 and 14.9, with 48 making up 36.1% of 
cases with orbital fractures and 58 making up 30.1% of cases without orbital fractures.  
110 (33.7%) cases fell between the ages of 15 and 21.9, with 43 making up 32.3% of 
cases with orbital fractures, and 67 making up 34.7% of cases without orbital fractures. 
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Table 1. Demographics of study population 
 
Mechanism of Injury (See Table 2) 
 Falls were the most frequent mechanism of injury with 72 (22.1%) of all cases 
having a fall as their mechanism.  The 26 cases that fell made up 19.5% of those with 
orbital fractures, and 46 being 23.8% of those without orbital fractures.  There were 57 
(17.5%) assaults in our cohort, with 19 making up 14.3% of cases with orbital fractures, 
and 38 making up 19.7% of cases without orbital fractures.  MVC was the mechanism of 
injury for 23 (7.1%) of cases in our cohort, with 15 making up 11.3% of cases with 
orbital fractures, and 8 making up 4.1% of cases without orbital fractures.  Bicycle 
accidents accounted for 33 (10.1%) of our cohort, with 12 making up 9.0% of cases with 
orbital fractures, and 21 making up 10.9% of cases without orbital fractures.  55 (16.9%) 
cases in the cohort were hit by a ball, with 25 making up 18.8% of cases with orbital 
fractures, and 30 making up 15.5 % of cases without orbital fractures.  There were 15 
Patient demographics 
Overall 
cohort 
N=326 
n (%) 
Orbital 
Fracture 
N=133 
n (%) 
No orbital 
Fracture 
N=193 
n (%) 
P-
value 
Age in years (median 
[IQR]) 
   < 5 years 
   5-9.9 years 
   10-14.9 years 
   15-21.9 years 
12.8 [8.0-
16.0] 
58 (17.8) 
52 (16.0) 
106 (32.5) 
110 (33.7) 
12.7 [7.8-16.0] 
22 (16.5) 
 20 (15.0) 
48 (36.1) 
43 (32.3) 
13.0 [8.0-16.1] 
36 (18.7) 
32 (16.6) 
58 (30.1) 
67 (34.7) 
0.86 
Male (%) 220 (67.5) 94 (70.7) 126 (65.3) 0.31 
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(4.6%) cases that were hit by a car, with 5 making up 3.8% of cases with orbital fractures 
and 10 making up 5.2% of orbital fractures.  19 (5.8%) cases were classified as hit by 
other, with 11 making up 8.3% of cases with orbital fractures, and 8 making up 4.1 % of 
cases without orbital fractures.   52 (16.0%) cases were injured by a mechanism other 
than those listed above, with 20 making up 15.0% of cases with orbital fractures, and 32 
making up 16.6% of cases without orbital fractures. 
 
Table 2-Mechanism of Injury 
 
Overall 
cohort 
N=326 
n (%) 
Orbital 
Fracture 
N=133 
n (%) 
No orbital 
Fracture 
N=193 
n (%) 
P-
value 
Mechanism of Injury    0.13 
Fall 72 (22.1) 26 (19.5) 46 (23.8)  
Assault 57 (17.5) 19 (14.3) 38 (19.7)  
Motor vehicle collision 23 (7.1) 15 (11.3) 8 (4.1)  
Bicycle Accident 33 (10.1) 12 (9.0) 21 (10.9)  
Hit with ball 55 (16.9) 25 (18.8) 30 (15.5)  
Hit by car 15 (4.6) 5 (3.8) 10 (5.2)  
Hit with Other 19 (5.8) 11 (8.3) 8 (4.1)  
Other 52 (16.0) 20 (15.0) 32 (16.6)  
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Symptoms (See Table 3) 
 Nausea or vomiting was a symptom for 72 (22.1%) cases in the cohort, with 41 
(30.8%) cases with orbital fractures, and 31 (16.1%) cases without orbital fractures 
reporting it (p=0.002).  LOC was a symptom for 82 (25.2%) of the cohort, with 35 
(26.3%) cases with orbital fractures, and 47 (24.4%) cases without orbital fractures 
reporting it (p=0.69).  Headache was a symptom for 83 (25.5%) cases in the cohort, with 
27 (12.8%) cases with orbital fractures, and 56 (29.0%) cases without orbital fractures 
reporting it (p=0.08).  40 (12.2%) cases in the cohort reported experiencing visual 
symptoms (diplopia, blurry vision, and/or vision loss), with 16 (12.0%) of cases with 
orbital fractures, and 24 (12.4%) of cases without orbital fractures reporting it (p=0.91).  
Epistaxis was reported as a symptom by 62 cases in the cohort, with 28 (21.1%) cases 
with orbital fractures, and 34 (17.6%) cases without orbital fractures reporting it 
(p=0.44). 
 
 
 
Table 3. Symptoms 
Symptoms 
Overall 
cohort 
N=326 
n (%) 
Orbital 
Fracture 
N=133 
n (%) 
No orbital 
Fracture 
N=193 
n (%) 
P-value 
Nausea or Vomiting 72 (22.1) 41 (30.8) 31 (16.1) 0.002 
LOC 82 (25.2)  35(26.3)  47 (42.4) 0.69 
Headache 83 (25.5) 27 (12.8) 56 (29.0) 0.08 
Visual symptoms† 40 (12.2) 16 (12.0) 24 (12.4) 0.91 
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Symptoms 
Overall 
cohort 
N=326 
n (%) 
Orbital 
Fracture 
N=133 
n (%) 
No orbital 
Fracture 
N=193 
n (%) 
P-value 
Epistaxis 62 (19.0) 28 (21.1) 34 (17.6) 0.44 
† Diplopia, blurry vision, vision loss 
 
Physical Exam (See Table 4) 
 Of the 326 patients in the cohort 228 (69.9%) were found to have orbital 
tenderness or orbital swelling or orbital ecchymosis on PE, with 121 making up 91% of 
cases with orbital fractures, and 107 making up 54.4% of cases without orbital fractures 
(p=0.000). Orbital tenderness was found on PE in 122 (37.4%) of the cohort, with 67 
making up 50.4% of cases with an orbital fracture, and 55 making up 28.5% of cases 
without orbital fractures (p=0.000).  Orbital swelling was found on PE of 187 cases 
(57.4%) of cohort, with 105 cases making up 79.0% of cases with orbital fractures, and 
82 cases making up 42.5% of cases without orbital fractures (p=0.000).  Orbital 
ecchymosis was found on PE in 157 (48.2%) of the cohort, with 92 making up 69.2% of 
cases with orbital fractures, and 65 making up 33.7% of cases without orbital fractures 
(p=0.000).  Orbital crepitus was found in PE for 2 (0.61%) cases in our cohort, with 1 
(0.80%) incidence in cases with orbital fractures, and 1 (0.52%) incidence in cases 
without orbital fractures (p=1.00, Fischer’s Exact Test). Orbital step-off was found on PE 
in 6 (1.84%) cases in the cohort, with 5 making up 3.76% of cases with orbital fractures, 
and 1 making up 0.92% of cases without orbital fractures (p=0.43, Fischer’s Exact Test).  
12 (3.70%) cases in the cohort had specific visual findings (defined as diplopia, or 
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decreased visual acuity, or visual field deficit), with 6 making up 4.51% of cases with 
orbital fractures, and 6 making up 3.11% of cases without orbital fractures (p=0.56, 
Fischer’s Exact Test).  Limited EOM was found on PE in 16 (4.91%)  of cases in the 
cohort, with 13 making up 9.80% of cases with orbital fractures, and 3 making up 1.55% 
of cases without orbital fractures (p=0.001).   
 
 
Table 4. Physical Exam Findings   
Physical Examination 
Finding 
Overall 
cohort 
N=326 
n (%) 
Orbital 
Fracture 
N=133 
n (%) 
No orbital 
Fracture 
N=193 
n (%) 
P-value 
Orbital tenderness, swelling, 
or ecchymosis 228 (69.9) 121 (91.0) 107 (54.4) 0.000 
Orbital tenderness 122 (37.4) 67 (50.4) 55 (28.5) 0.000 
Orbital swelling 187 (57.4) 105 (79.0) 82 (42.5) 0.000 
Orbital ecchymosis 157 (48.2) 92 (69.2) 65 (33.7) 0.000 
Orbital crepitus 2 (0.61) 1 (0.80) 1 (0.52) 1.00* 
Orbital step-off 6 (1.84) 5 (3.76) 1 (0.92) 0.43* 
Visual exam findings‡ 12 (3.70) 6 (4.51) 6 (3.11) 0.56* 
Limitation of EOM 16 (4.91) 13 (9.80) 3 (1.55) 0.001 
Orbital sensory deficits 174 (53.4) 70 (52.6) 104 (53.9) .82 
Orbital dystopia or 
Enophthalmos 4 (1.22) 2 (1.50) 2 (1.03) 1.00* 
‡ diplopia, decreased visual acuity, visual field deficits 
*Fischers Exact Test 
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Fracture Location (Table 5) 
 Within the cohort, 133 cases were confirmed by CT to have fractures of the 
orbital.  18 (13.5%) cases with fractures had fractures to the superior orbital only.  33 
(24.8%) cases with fractures had fractures to the inferior orbital only.  There were 19 
(6.77%) cases with fractures to only the medial orbital only, and 3 (2.23%) cases with 
fractures to the lateral orbit only.  1 (0.75%) case had fractures to only the superior and 
inferior orbital.  11 (8.27%) cases had fractures to the superior and medial orbit only.  2 
(1.50%) cases had fractures to only the superior and lateral orbits.  There were 23 
(17.3%) cases found to have fractures to only the inferior and medial orbit, and 10 
(7.51%) cases with fractures to only the inferior and lateral orbit. 2 (1.50%) cases had 
fractures to only the superior, inferior, and medial orbit, 1 (0.75%) case had fractures to 
only the superior, inferior, and lateral orbit, 5 (3.76%) cases had fractures to only the 
superior, medial, and lateral orbit, and 1 (0.75%) case had fractures to only the inferior, 
medial and lateral orbit.  There were 4 (3.01%) cases with fractures to the superior, 
inferior, medial, and lateral orbit.  No cases were found to have fractures to only the 
medial and lateral orbit. 
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Table 5. Fracture Location 
Table 5. Fracture 
Location
 Fracture 
Location 
Overall Cohort 
(N=326) 
n (%) 
Orbital Fractures 
(N=133) 
n (%) 
Surgery 
(N=22) 
n(%) 
Superior Orbital 
Only 
18 (5.52) 18 (13.5) 0 (0.00) 
Inferior Orbtial 
Only 
33 (10.1) 33 (24.8) 5 (22.7) 
Medial Orbital Only 19 (5.82) 19 (6.77) 1 (4.55) 
Lateral Orbital Only 3 (0.92) 3 (2.23) 0 (0.00) 
Superior and 
Inferior Orbitals 
1 (0.31) 1 (0.75) 0 (0.00) 
Superior and Medial 
Orbitals 
11 (3.37) 11 (8.27) 1 (4.55) 
Superior and Lateral 
Orbitals 
2 (0.61) 2 (1.50) 0 (0.00) 
Inferior and Medial 
Orbitals 
23 (7.06) 23 (17.3) 8 (36.4) 
Inferior and Lateral 
Orbitals 
10 (3.07) 10 (7.51) 3 (13.6) 
Medial and Lateral 
Orbitals 
0 (0.00) 0 (0.00) 0 (0.00) 
Superior, Inferior, 
and Medial Orbitals 
2 (0.61) 2 (1.50) 2 (9.10) 
Superior, Inferior, 
and Lateral Orbitals 
1 (0.31) 1 (0.75) 1 (4.55) 
Superior, Medial, 
and Lateral Orbitals 
5 (1.53) 5 (3.76) 0 (0.00) 
Inferior, Medial, 
and Lateral Orbitals 
1 (0.31) 1 (0.75) 0 (0.00) 
Superior, Inferior, 
Medial, and Lateral 
Orbitals 
4 (1.22) 4 (3.01) 1 (4.55) 
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Surgery (Table 5) 
 Of the 133 confirmed orbital fractures in the cohort, 22 (16.5%) required surgical 
intervention for repair. The average time to surgery from ED visit was 4.5 days (range, 0-
12 days). Of the cases that required surgery there were 5 cases (22.7%) with fractures of 
the inferior orbital only, and 1 (4.55%) cases with fractures to the medial orbit.  1 
(4.55%) case with a fracture to only the superior and medial orbits required surgery.  
There were 8 (36.4%) cases with fractures to only the inferior and medial orbits that 
required surgery, and 2 (9.10%) cases with fractures to only the inferior and lateral orbits 
that required surgery.  1 (4.55%) case with fractures to only the superior, inferior, and 
lateral orbit underwent surgery for repair, and 1 (4.55%) case with fractures to the 
superior, inferior, medial, and lateral orbitals required surgery. (For summary of cases 
that underwent surgery, see appendix I.) 
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DISCUSSION 
 
Findings   
 The purpose of this study was to analyze the clinical presentation of patients 
under the age of 22 suspected of having orbital fractures, and to compare the presentation 
of patients with orbital fractures to patients without orbital fractures.  Additionally, we 
looked at the treatment and outcomes for patients with confirmed orbital fractures.  This 
study was, to the best of our knowledge, one of the largest cohorts to examine pediatric 
orbital fractures and the first to perform such a comparison.     
 Based on the results of our analysis, there were a number of clinical findings 
which were found to be statistically significant when comparing patients with orbital 
fractures to patients without orbital fractures—nausea or vomiting, orbital tenderness, 
orbital swelling, orbital ecchymosis, and limitation of EOM.  The significance of 
nausea/vomiting and limitation of EOM is in line with prior studies that identified as 
indicators of orbital fractures, particularly trapdoor fractures with muscle entrapment 
(Cohen & Garrett, 2003; Thiagarajah & Kersten, 2009) 
 Interestingly, orbital tenderness, swelling, and ecchymosis are not commonly 
discussed in the literature as strong indicators of orbital fractures.  In fact, the most 
common presentation of pediatric orbital fractures discussed is the “white eyed blow-
out,” in which children present with few, if any, clinical signs suggestive of orbital 
fractures (Gerber, Kiwanuka, & Dhariwal, 2013).   
Also of note was that of the 133 cases with fractures, only 22 underwent surgery 
for repair of an orbital fracture.  All of those cases involved the either the inferior or 
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medial orbits, and 15 involved only the inferior or medial orbits.  This suggests that it 
may be possible to narrow the locations of orbital fractures that warrant a CT. 
Lastly, of the 22 patients who underwent surgery, 5 underwent surgery the same 
day (See Appendix I). Of these 5 cases, 4 had confirmed muscle entrapment and 1 was 
found to have significant proptosis on PE.  This is consistent with current literature on the 
management of pediatric orbital fractures (Burnstine, 2002).  Interestingly, if we were to 
remove these cases from the surgical group, the average time to surgery increases by over 
1.25 days to 5.76 days (range 2-12 days).  The range of time for non-emergent cases to 
undergo surgery shows that there may be a broader period of time that is acceptable for 
orbital fractures to be evaluated. 
 
Limitations 
 There were a number of limitations to our study.  The design was a retrospective 
cohort, and consequentially the collection of data was restricted to what was documented 
in the EMR of cases.  The use of records not specifically designed for the study allows 
for a wide range of specificity in documentation between cases, and a lack of consistency 
between examinations.  Also, the lack of a standardized examination for all cases in the 
study limits the ability to identify or address the possibility of, confounding factors. 
 The results of the study may also be limited by the inclusion of cases that had 
concerns for other injuries, in addition to a fracture of the orbital.  These cases may have 
been evaluated for an orbital fracture in conjunction with other facial injuries, would have 
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undergone a CT regardless of concern for an orbital fracture.  As such, the applicability 
of their examination to the study data may be misleading. 
Another potential limitation of our study was the inclusion of cases that had been 
diagnosed with orbital fractures at an outside hospital prior to arrival at BCH ED.  There 
were 26 such cases, and the prior knowledge of fractures may have caused a change in 
the documentation of an examination, or in scope and quality of the examination itself. 
Alternatively, the prior knowledge of a fracture may have resulted in examination 
findings that were more tailored to the diagnosis than they would have been otherwise.  
   
Future Studies 
  Our results present a number of additional possibilities for further study.  Based 
on our finding that 6 of the variable we examined were statistically significant, a 
prospective study may be warranted.  Having a specifically designed set of criteria for 
clinicians to use when examining a patient suspected of having an orbital fracture could 
help to enhance the analysis and improve the accuracy of our results.  This would 
certainly help to address any problems presented by inclusion of patients transferred to 
BCH with confirmed orbital fractures.  
 Another potential avenue of study would be to look more closely at the 
interventions patients underwent based on clinical findings, and type of fracture.  By 
determining the clinical indications of injuries that would not require intervention, we 
could eliminate the need for CT in those instances.   Alternatively, if we were to examine 
the clinical findings of patients who underwent surgery, we may be able to determine 
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those who were truly emergent cases and those who could receive care at a later date.  
This would allow for more efficient use of resources in the ED, and also reduce the use of 
CT for patients who may not need it. 
 Examination of data between ages may also be valuable, as there is a significant 
amount of literature that suggests there are difference in the prevalence and type of 
fractures sustained at different ages.  In addition, a closer examination of mechanism of 
injury may be warranted.  The hydraulic and buckling theories of orbital fractures both 
have been supported in the literature, and the location and direction of impact to the 
orbital may present a way to identify specific risks. 
  
Conclusion 
 The findings of our study indicate that there is room to improve the clinical 
evaluation of patients suspected of having orbital fractures in the ED.  Only 40% of cases 
that underwent CT for evaluation of an orbital fracture were found to have suffered one.  
Beyond that, only 16% of cases with confirmed orbital fractures underwent surgical 
intervention for repair, and only 3.7% were considered emergency cases.   
We have identified 5 factors that can be used for the development of an evidence-
based algorithm for determining when to obtain a CT to rule out an orbital fracture in a 
pediatric population.  We believe that we can use this to improve the evaluation of orbital 
fractures ED, which in turn will improve the utilization of ED resources, and reduce the 
exposure of pediatric patients to the risks associated with CT. 
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APPENDIX 	  	  
Appendix I. Summary of Surgical Cases 
Study 
ID 
Description Surgery  
(Days from 
ED visit) 
029 16 year-old male, assaulted. Brief LOC (<1 min), nausea, eye pain 
(w/ and w/o movement), syncope (occulocardiac reflex), 
tenderness at superior and inferior orbit (maximal at inferior), 
swelling at inferior orbit, ecchymosis at inferior orbit, step-off, 
diplopia, restricted EOM (upward and downward). CT showed 
fracture of inferior orbit w/ question of inferior rectus entrapment.  
Surgery for reduction of orbital floor fracture and release of 
entrapped inferior rectus muscle. 
0 
034 12 year-old male, hit by car. 1 min LOC, swelling (location not 
specified), abrasion/lacerations at superior orbit, abnormal mental 
status (slurred speech). CT showed fractures to inferior and medial 
orbits.  Surgery for ORIF of zygomatic complex fracture, orbital 
floor fracture, and closed reduction and internal packing and 
external splinting of displaced nasal septal fracture. 
6 
079 16 year-old male, other (door to face). Epistaxis, tenderness at 
inferior orbit, swelling at inferior orbit, dilated pupil, 
subconjunctival hemorrhage. CT showed fractures to inferior and 
lateral orbits. Surgery for ORIF of zygomatic fracture.   
12 
093 16 year-old female, MVC (restrained). LOC  (unspecified length of 
time), headache, eye pain, tenderness (location not specified), 
swelling at superior orbit, ecchymosis (location not specified), 
abrasion/laceration at superior orbit. CT showed fractures to 
superior, inferior, medial, and lateral orbits.  Surgery for ORIF of 
Le Fort III, Le Fort I, NOE fracture, and left orbital floor blowout 
fracture.  
2 
115 15 year-old male, assaulted. Swelling (location not specified), 
ecchymosis (location not specified), subconjunctival hemorrhage.  
CT showed fracture to inferior orbit. Surgery for ORIF of orbital 
floor fracture with Synthes titanium preformed orbital floor plate. 
11 
117 4 year-old male, other (table fell on face). Headache, nausea, 
vomiting, epistaxis, tenderness at inferior orbit, swelling (location 
not specified), ecchymosis (location not specified), restricted EOM 
(upward and downward).  CT showed fractures to inferior and 
medial orbits. 
6 
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Study 
ID 
Description Surgery  
(Days from 
ED visit) 
119 9 year-old male, other (skied into bench, face first).  LOC 
(unspecified amount of time), tenderness (location not specified), 
swelling at superior orbit, ecchymosis at superior orbit, 
subconjunctival hemorrhage.  CT showed fracture to medial orbit.  
Surgery for ORIF of nasal-orbital-ethmoid fracture, closed 
reduction nasal septal fracture, bilateral medial canthopexies. 
4 
163 15 year-old male, fall.  LOC (<1 min), tenderness at inferior orbit, 
swelling at inferior orbit, ecchymosis at inferior orbit.  CT showed 
fractures to inferior and lateral orbits. Surgery for ORIF zygoma 
fracture, orbital exploration, canthotomy and cantholysis and 
canthopexy for access to the orbital floor. 
8 
207 16 year-old female, other (ATV accident). Tenderness (location 
not specified), swelling at superior and inferior orbits (location of 
maximal swelling not specified), ecchymosis at superior and 
inferior orbits (location of maximal swelling not specified), 
abrasion/laceration (location not specified), subconjunctival 
hemorrhage.  CT showed fractures to inferior and lateral orbits.  
Surgery for ORIF of comminuted left zygomatic fracture with 
multiple approaches, and left orbital floor fracture. 
4 
282 16 year-old female, MVC (unrestrained). Ecchymosis at superior 
and inferior orbits (location of maximal ecchymosis not specified), 
abrasion/laceration at superior orbit.  CT showed fracture to 
inferior orbit.  Surgery for ORIF of orbital floor reconstruction 
with placement of SynPOR smooth titanium reinforced orbital 
floor mesh, orbital exploration and reduction of herniated fat into 
the maxillary sinus. 
4 
291 17 year-old female, hit w/ ball.  Vomiting, blurry vision, epistaxis, 
swelling at superior orbit, ecchymosis at superior orbit, 
subconjunctival hemorrhage.  CT showed fracture of inferior orbit.  
Surgery for ORIF of orbital floor fracture with porous polyethylene 
implant.   
3 
300 7 year-old female, fall.  Tenderness at inferior orbit, swelling 
(location not specified), ecchymosis at superior orbit, restriction of 
EOM (lateral).  CT showed fractures to superior, inferior, and 
medial orbits. Surgery for depressed comminuted left frontal 
bone/superior orbital rim fractures, depressed nasal frontal fracture, 
bilateral nasal ethmoid fractures comminuted nasal septal fracture, 
left forehead laceration. 
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311 12 year-old female, MVC (restrained).  Headache, eye pain (w/ 
movement), tenderness at inferior orbit, ecchymosis (location not 
specified), restricted EOM (upward).  CT showed fracture to 
inferior orbital rim.  Surgery for exploration and reduction of 
entrapped inferior rectus muscle and right orbital floor, open 
reduction of right orbital depressed floor fracture.  
   
0 
314 10 year-old male, hit w/ ball.  LOC (unspecified amount of time), 
nausea, vomiting, eye pain, swelling (unspecified location), 
abrasion/lacerations at superior orbit.  CT showed fracture to 
inferior and medial orbits.  Surgery for open reduction and 1.0 
titanium angel plate, repair of left orbital floor and medial orbital 
wall fracture. 
10 
334 12 year-old male, hit w/ ball. Nausea, vomiting, tenderness to 
inferior and lateral orbit (location of maximal not specified), 
swelling at superior and inferior orbit (location of maximal not 
specified), ecchymosis at inferior orbit, restricted EOM (upward). 
CT showed fracture to inferior and medial orbits. Surgery for 
reduction of an entrapped inferior rectus muscle and orbital floor 
fracture.  
   
0 
351 5 year-old male, bicycle accident.  Vomiting, eye pain, swelling at 
superior orbit, ecchymosis at superior and inferior orbit (maximal 
at superior), abrasion/lacerations at superior orbit, restricted EOM 
(upward). CT showed fractures to inferior and medial orbits.  
Surgery for internal fixation of right orbital floor fracture with 
muscle entrapment, and right upper eyelid laceration.  
   
0 
354 16 year-old female, MVC (unrestrained).  LOC (unspecified 
amount of time), ecchymosis at inferior orbit.  CT showed fracture 
to inferior and medial orbits.  Surgery for open treatment of 
complicated frontal sinus fracture via coronal approach,  
morselized bone grafting for the purposes of obliteration of the 
frontal sinus, open treatment of right nasal orbital ethmoid fracture, 
open treatment of left nasoorbital ethmoid fracture, cantilever 
calvarial bone graft to nasal dorsum, open treatment of right 
nasomaxillary fracture. 
3 
375 21 year-old male, assaulted.  Vomiting, diplopia, eye pain, 
swelling (location not specified), ecchymosis (location not 
specified), subconjunctival hemorrhage, proptosis. CT showed 
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fractures to inferior and medial orbits.  Surgery for ORIF of left 
zygomatic fracture using multiple approaches, and orbital floor 
fracture with mesh plate. 
396 15 year-old male, hit w/ ball.  Headache, abrasion/laceration to 
superior orbit.  CT showed fracture to superior and medial orbits.  
Surgery for ORIF of left comminuted frontal sinus fracture with 
multiple plates and screws and complex wound closure of the left 
brow measuring approximately 3 cm. 
5 
468 18 year-old male, assaulted.  Headache, nausea, eye pain (w/ 
movement), tenderness at medial orbit, swelling (location not 
specified), ecchymosis (location not specified), abrasion/laceration 
to superior orbit, subconjunctival hemorrhage, restricted EOM 
(laterally).  CT showed fractures to superior, inferior, and medial 
orbits.  Surgery for repair of left orbital floor blowout fracture with 
titanium plate and closed nasal reduction. 
3 
488 13 year-old male, hit w/ ball.  Headache, epistaxis, swelling 
(location not specified), ecchymosis (location not specified).  CT 
showed fractures to inferior and medial orbits.  Surgery for ORIF 
of left orbital floor blowout fracture with Synthes orbital floor 
titanium implant and closed reduction and splinting of closed nasal 
fracture.  
   
9 
489 17 year-old male, hit w/ other (plastic sword).  Headache, diplopia, 
swelling at superior orbit, ecchymosis at superior orbit. CT showed 
fractures to superior, inferior, and lateral orbits.  Surgery for ORIF 
of zygoma fracture, correction of orbital floor fracture using orbital 
implant.. 
4 
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Boston,	  MA	  
Emergency	  Department	  Clinical	  Assistant	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
October	  2011-­‐Present	  
• Work	  directly	  with	  Nursing,	  Medicine,	  Radiology,	  Respiratory,	  and	  Social	  Work	  in	  
the	  various	  settings	  within	  the	  Emergency	  Department.	  
• Work	  directly	  with	  nurses	  triaging	  and	  assessing	  patients,	  measuring	  vitals	  signs	  
and	  documenting	  information	  related	  to	  patients	  visit.	  
• Assist	  medical	  staff	  with	  fracture	  reductions	  and	  casting,	  lumbar	  punctures,	  
laceration	  repairs,	  GYN	  exams	  and	  other	  medical	  procedures.	  
• Perform	  and	  document	  tests	  and	  labs	  including;	  EKG’s,	  urinalysis,	  HCG	  and	  rapid	  
flu/strep/RSV	  tests.	  
• Prepare	  rooms	  for	  anticipated	  traumas,	  respond	  to	  in	  hospital	  emergencies,	  
perform	  resuscitation	  efforts,	  and	  provide	  support	  for	  RN’s	  and	  physicians.	  
	  48 
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  MA	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May	  2008-­‐December	  2012	  
• Independently	  managed	  acute	  patient	  care	  in	  emergency	  situations.	  
• Conducted	  rapid	  assessment	  of	  patient	  condition	  and	  administered	  appropriate	  
OEMS	  approved	  interventions.	  
• Communicated	  information	  regarding	  patient’s	  present	  medical	  condition,	  past	  
medical	  history,	  and	  other	  pertinent	  information	  to	  appropriate	  medical	  staff.	  
	  
Volunteer	  Work	  
Dana-­‐Farber	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March	  2008-­‐November	  2008	  
• Assisted	  patients	  and	  their	  families	  locate	  and	  utilize	  resources	  about	  disease	  
prognosis	  and	  treatment	  options.	  
• Facilitated	  day-­‐to-­‐day	  operations	  of	  the	  resource	  center,	  including	  organization	  
and	  maintenance	  of	  resources,	  logging	  of	  daily	  transactions	  and	  restocking	  of	  
materials	  in	  a	  timely	  manner.	  
	  
Skills	  
• Familiarity	  with	  anatomy	  and	  medical	  terminology	  
• Proficiency	  in	  Spanish	  
 
 
